nature of some interventions (for example, gun-control policies), which need to be evaluated objectively.
Despite the magnitude of the problem, few studies have focused on the economic consequences of firearm injury. There has been some research on fatal firearm injuries and hospitalization costs but very little work on the long-term costs and consequences of less severe firearm injuries. Public funds cover a substantial proportion of medical care costs for persons injured by firearms. 6 This DataWatch reviews the state of knowledge of firearm injury costs. It presents detailed estimates that were developed as part of a larger study of the 1985 cost of all injuries and updates them to 1990. 7 While these estimates are the best available at the national level, they rely on dated information, state-level data, and many assumptions necessitated by gaps in the data.
Past Research On The Cost Of Firearm Injuries
Past studies of the cost of firearm injuries are few and have focused primarily on hospitalization costs at single hospitals. Michael Martin and colleagues calculated the costs of initial hospitalization for 131 firearm injuries treated at San Francisco General Hospital in 1984. 8 Costs were based on hospital records and were found to be $6,915 per person for initial hospitalization.
Garen Wintemute and Mona Wright reviewed medical records for 250 patients treated for firearm injuries at the University of California, Davis, Medical Center from January 1984 through June 1985 and also any subsequent hospitalizations through June 1989. 9 They found that 12 percent of the patients were rehospitalized and that half of the readmissions occurred during the first year following the injury. Average costs per person were $13,190 for the initial hospitalization and $6,310 for readmission. Diane Moribido found that the average hospital cost for 306 firearm-injured persons under age twenty-five admitted to Highland Hospital in Oakland, California, during 1987 and 1988 was $11,517. 10 The average cost for persons seen in the emergency room only (and released because their injuries were minor or they died) was $1,238 for the same time period.
Edwin Hayashi and colleagues recently estimated the cost of hospitalization, morbidity, and mortality for 134 cardiovascular gunshot-wound patients admitted to San Francisco General Hospital between 1980 and 1990. 11 Average hospitalization costs were $15,004 per patient; lost productivity costs due to injury were $33,077 per patient, and due to death, $247,707 per patient. While these patients are among the most severely injured, the $40 million total societal cost and the $2 million cost for hospitalization alone illustrate the huge amount of resources that are re-quired for only a few patients.
Updating the initial hospitalization estimates from these studies to 1990 dollars (using the percentage change in personal health expenditures for hospital care) yields a range of estimates from $11,670 to $21,200. 12 This range reflects the variation in hospital costs and differences in patient populations included. More importantly, these studies capture only a piece of the total picture. None of these studies includes all of the costs incurred by these patients as a result of their firearm injuries. Although Wintemute and Wright include rehospitalization, Moribido includes emergency room charges, and Hayashi and colleagues include indirect costs, the costs of medications, outpatient physician and other professional services, home care, and other costs are not considered in any study. Furthermore, these studies are limited to patients who are hospitalized as a result of their injuries. Many fatally injured patients die before hospital admission, and many more firearm-injured patients do not require hospitalization but do seek medical attention or miss productive days. To enable full understanding of the economic impact of firearm injuries, all costs must be included and all severities of injuries must be considered.
Methodology
The most comprehensive estimate of total firearm-injury costs at the national level was developed as part of the Cost of Injury report to Congress. 13 The methodology used to develop those firearm-injury cost estimates is discussed briefly here. Further details are contained elsewhere.
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The model. Estimating the societal cost of firearm injuries requires an economic model to estimate direct and indirect costs and life years lost. This model estimates lifetime or incidence-based costs. That is, all of the costs associated with new injuries occurring in a given year are included. The cost of firearm injuries is estimated as the product of incidence (the number of persons injured) and the cost per person.
Direct costs are the value of resources that could have been allocated to other uses in the absence of the injury. Direct costs include spending for hospitals and long-term care, physician and other professional services, rehabilitation, medications, emergency transportation, medical equipment, and supplies. Related spending for home modifications also is included. These direct costs represent actual spending for goods and services. Indirect costs are the value of lost productivity due to injuries. Indirect costs represent an economic cost to society hut do not result in any dollar expenditures. Included are morbidity cost (the value of days lost from usual activities because of injury) and mortality cost (the current monetary value of future output lost due to premature death). Two alternative measures of lost productivity that are not dependent on valuing productivity-years of life lost due to injury-related disability and years of life lost due to premature death from injury-also are estimated. The latter are estimated as the difference between age at death and life expectancy. Estimation. The model was estimated for three classes of injuries for which the class was used as a proxy for severity: fatal, hospitalized, and nonhospitalized injuries. National data were used to the extent possible, but state and regional data were used where national estimates were unavailable. Charges were used as a proxy for costs. The base year of the estimates is 1985.
Fatalities. The number of fatalities was obtained from the 1985 National Mortality Detail File, in which all deaths are coded by external cause. The place of death was assumed to follow the same distribution as that of deaths in Maryland, for which detailed data specific to firearm-related deaths are available. Thus, it was assumed that 65 percent of deaths occurred out of the hospital, 21 percent occurred in emergency departments, and 14 percent occurred after adtnission to a hospital. This distribution is similar to that for California (60 percent, 28 percent, and 12 percent, respectively). 15 For out-of-hospital deaths, it was assumed that an ambulance was sent to the scene, and one-way charges from the National Medical Care Utilization and Expenditure Survey (NMCUES) were applied. Injured persons who died in the emergency department were assumed to have been transported by ambulance, with charge estimates developed from the NMCUES. These persons also incurred emergency room charges; an average charge per person is derived from the work of Howard Champion, Patricia Gainer, and Elizabeth Yackee. 16 Deaths in the hospital incurred both ambulance and emergency room costs. In addition, hospitalization and physician costs must be considered. Ambulance charges from the NMCUES were used. For these cases, emergency department charges were included in the hospital bill. Per person hospital charges were estimated using the mean cost per firearm death from Maryland data (distributed by age) and adjusting it to reflect U.S. per diem charges. Finally, hospital charges were increased by a factor of 25 percent to allow for physician and other professional fees. 17 Another cost that is relevant to firearm injuries is that of health insurance-namely, overhead and administration. Settlements are excluded because they are transfer payments used to cover the medical costs already estimated. Based on 1985 data, private insurance paid for 30.4 percent of personal health care expenditures, and overhead was 13.1 percent of total premiums. 18 Hence, the health insurance administration cost is estimated to be 4 percent (30.4 percent times 13.1 percent) of medical care cost.
Mortality cost-the value of forgone productivity due to early death-is estimated as the product of firearm injury deaths and the present value of future earnings. Lifetime earnings for each age and sex take into account life expectancy at each age, labor-force participation, average annual earnings, discounting of future earnings, and wage supplements such as employer contributions for social insurance, pensions, and welfare funds. An estimate also is included for the value of household production, based on a regression analysis of hours of household labor as a function of family structure, education, income, and race. 19 These hours were then valued on the basis of wage rates by activity.
Hospitalized injuries. The number of persons hospitalized for firearm injuries was developed in two steps. First, data from the National Hospital Discharge Survey (NHDS) were used to estimate the number of injured persons. Three years of data (1984) (1985) (1986) were analyzed to increase the reliability of the 1985 estimates. The NHDS includes discharges, rather than injured persons. Therefore, this data set might overestimate the number of injured persons, because of transfers and readmissions. The number of transfers is less than 2 percent. 20 An adjustment was made for readmissions based on data from Maryland and New Zealand. 21 Unfortunately, the NHDS does not code the external cause of injury. Therefore, the percentage of injuries resulting from firearms was assumed to be the same as the percentage known to occur in Maryland, based on analysis of three years of Maryland hospital discharge data in which almost 60 percent of the discharges include the external cause of injury, This distribution includes the percentage of each nature and severity of injury (for example, thoracic injury with an Abbreviated Injury Severity score of 3) that resulted from firearms.
The first-year direct cost associated with firearm injuries was estimated by applying service use rates to the number of injured persons and then applying average charges, which are derived from several sources including the NMCUES. Costs for later years were obtained as a multiple of first-year costs, with an adjustment factor obtained from analysis of the National Council on Compensation Insurance (NCCI) data file. 22 Morbidity costs represent forgone productivity due to days lost from work or household production. Losses during the first year were estimated by subtracting the earnings (both market and imputed housekeeping services) of the injured person from those of a healthy person of the same age and sex. Losses after the first year were estimated by assuming that persons not working four years after an injury would remain unemployed. 23 Nonhospitalized injuries. Data on nonhospitalized injuries are sorely lacking. The estimates of incidence in this DataWatch were developed from an analysis of 1984-1986 data from the National Health Interview Survey (NHIS). Injuries resulting in medical attention without hospitalization or in one or more days of restricted activity are included. The NHIS does not include data on external cause of injury (except for motor vehicle injuries). Therefore, it was necessary to distribute injuries by cause by using the NHIS supplement conducted in 1972, the most recent year for which detailed information on the cause of injury for a national sample was obtained. 24 This yielded an estimate of the number of nonhospitalized firearm injuries broken down by age, sex, and nature of injury.
The direct cost of nonhospitalized firearm injuries was estimated using NHIS utilization data and NMCUES cost data. Lifetime cost was estimated based on the percentage of cost incurred in later years from the analysis of the NCCI data. 25 The morbidity cost of nonhospitalized firearm injury consists of forgone productivity due to days lost from usual activity. Days of restricted activity were calculated from the NHIS for employed persons, persons keeping house, and persons involved in some other activity. Lost days then were multiplied by average daily earnings, an imputed value for housekeeping services, or a weighted average of the two, for the three groups, respectively.
Results
Incidence. In 1985 firearms caused nearly 268,000 injuries, including 31,556 fatalities, 65,127 hospitalizations, and 171,000 injuries that required some outpatient medical care or resulted in at least one day lost from usual activity (Exhibit 1). That is, for every fatal firearm injury, there are an additional two injuries requiring hospitalization and an additional 5.4 injuries not severe enough to be hospitalized. Four-fifths of injured persons in 1985 were male, and young adults ages twenty-five to forty-four were injured most often.
Type of cost. Firearm injuries cost society $14.4 billion in 1985 (Exhibit 2). The largest proportion of the cost was for fatal injuries-$12.2 billion (84 percent)-and most of this represents the value of productivity losses from premature death. Hospitalized injuries account for $2 billion, or 15 percent of the total. For this group, two-thirds of the cost is lost productivity resulting from illness and disability, and the remaining one-third is direct cost, primarily for hospitalization. The cost associated with the nonhospitalized injuries represents only 1 percent of the total cost and is divided almost equally between direct costs and morbidity costs.
The most severe injuries drive the economic impact of firearm injuries, as shown in Exhibit 3. Although fatal injuries represent only 12 percent of the total number of injuries, they account for 84 percent of the societal cost. Conversely, two-thirds of firearm injuries are not severe enough to require hospitalization, and they result in only 1 percent of total costs. On a per person basis, fatal injuries are most costly, considering both the direct and followed by fatalities ($2,800) and nonhospitalized injuries ($200). Direct cost components. Direct costs are presented in further detail by type of expenditure in Exhibit 4. For fatal injuries, four-fifths of the direct costs represent the cost of hospitalization. These persons also incur costs for emergency room services, ambulance transportation, and health insurance. The direct costs for hospitalized persons are primarily for hospitalization and rehospitalization (84 percent). However, these persons also incur costs for physician and other professional services (9 percent) and nonmedical items. Two-thirds of the direct costs for nonhospitalized firearm-injured persons are accounted for by physician services and emergency room visits.
Gender and age. The fact that males are much more likely than females to be injured by firearms is reflected in the cost (Exhibit 5). Of the total $14.4 billion cost of firearm injuries, $12.3 billion (86 percent) is accounted for by males. Most of this cost ($10.6 billion) is due to male fatalities. Young adults incur most of these costs; more than half of the total cost is for injured persons ages twenty-five to forty-four. Within each class of injury, males specifically and young adults generally account for most of the cost. Per person costs for males ($57,000) are 1.4 times those for females ($40,000). Costs per death increase with age up to ages twenty-five to forty-four for males and females. This results from both the lifetime pattern of earnings and the impact of discounting. The lack of clear patterns in the per person costs by age for hospitalized and nonhospitalized injuries reflects the limitations of the data and small sample sizes for the nonhospitalized estimates. Years of potential life lost. Firearm injuries resulted in 1.4 million years of potential life lost in 198.5 (Exhibit 6). Most of these losses are attributable to premature death (1.2 million). However, 187,000 years of productivity were lost because of persons hospitalized from firearm injuries; even nonhospitalized injuries accounted for the loss of 1,350 years. Fatally injured males lost an average of 34.6 years each, and females lost 41.0 years, reflecting the fact that typical victims are relatively young. The per person losses for hospitalized males (2.2 years) and females (7.4 years) indicate the substantial disability that a firearm injury can cause.
Updated costs. Estimates for 1985 were updated to 1990, taking into account both inflationary and real changes. Direct costs were adjusted using the percentage change in personal health care spending between 1985 and 1990. 26 These data incorporate inflation into the medical care market as well as the effect of changing demographics and patterns of health care use. Cost components were adjusted separately using personal health care spending on hospital care, physician services, other professional services, drugs, other personal health care, and program administration and net cost of insurance. For indirect costs, inflation and real change were estimated separately. The increase in hourly compensation in the business sector from 1985 to 1990 was used for inflation, the change from 1985 to 1990 in the number of episodes of persons injured was used to reflect real change for morbidity, and the change in firearm-injury deaths from 1985 to 1990 was used to reflect real change for mortality. 27 In 1990 the total cost of firearm injuries is estimated to have been $20.4 billion (Exhibit 7). Taking into account changes in the number of injuries, patterns of health care use, and inflation, the cost of firearm injuries increased 42 percent in the five-year period from 1985 to 1990. Direct costs show the greatest increase over that period-55 percent.
Discussion And Policy Implications
The estimates of the cost of firearm injury in the United States detailed here are based on the best data available but have some limitations that must be acknowledged. They rely on some relatively old studies for firearminjury incidence. Data on the number of nonfatal firearm injuries are scarce and often conflicting. The last national survey to collect data on cause of injury, health service use, and health status was the NHIS supplement conducted in [1972] [1973] . 28 Given the well-documented increase in rates of 29 The American Medical Association (AMA) Council on Scientific Affairs summarized this aptly: "There are virtually no reliable data on the number of nonfatal firearm injuries." 30 Until national data sets such as the NHDS and the NHIS code injuries by external cause, making it possible to identify firearm injuries, it will be difficult to develop good incidence estimates.
A number of assumptions made to derive the national estimates described here may not be appropriate for firearm injuries. For example, private health insurance coverage for persons injured by firearms is probably much less than average because persons with firearm injuries are often of below-average socioeconomic status, which suggests less likelihood of insurance coverage. Coverage through Medicaid and other public programs, on the other hand, is probably relatively high. However, this cannot be documented from national data. Productivity-loss estimates assume average income levels, but it is generally thought that the population most likely to suffer gunshot wounds is of below-average income level. Again, this has yet to be documented nationally. Some unresolved economic and ethical issues arise when applying aggregate data to specific subpopulations such as firearm-injured persons, who are known to differ from the statistically average person. In this case, for example, it is known that many firearm assaults occur in the context: of illegal drug-related activities. How should one treat illegal income in valuing lost productivity? This issue warrants further study. Suicide, on the other hand, is known to be impulsive and occurs among a cross-section of persons; thus one could argue that these victims' earnings approximate the U.S. average.
Other gaps in the data warrant attention. First, given children's increasing risk of firearm injury, cost estimates developed from data specific to this younger population are needed. Good data on health care use and cost by firearm-injured children are not now available. Also, no attempt is made here to quantify the economic burden of pain and suffering that results from firearm injury. However, other studies have attempted to assign a cost to this loss of quality of life and have found it to be substantial. 31 Better data sources need to be developed to facilitate improved cost estimates. In particular, current nationally representative data on external cause of injury, long-term consequences of injury, and expenditures are needed. National surveys, including the NHIS and the NHDS, should include coding for the external cause of injury (e-coding) to permit identification of firearm injuries. Many states are now coding hospital discharges by external cause, and all states should be encouraged to do so. The 1987 National Medical Expenditure Survey (NMES) provides updated expenditure estimates and permits the analysis of payer sources, but firearm injuries cannot be identified. Future expenditure surveys should include e-coding. Longitudinal data on health care use and expenditures should be developed that permit the identification and tracking of firearm injuries over time.
Mitigating the impact of violence. Firearm injuries represent less than 0.5 percent of the total number of injuries, yet they account for 9 percent of the total costs of all injuries. 32 The cost per firearm fatality is higher than for any other type of fatal injury or for any of the four leading causes of death. Firearm injuries are responsible for greater morbidity per person than are any other injuries. Hence, firearm injuries are relatively more costly compared with both other injuries and other illnesses in general.
These costs represent a huge potential liability for health care providers and payers. A study at a Los Angeles trauma center of patients admitted with intentional injuries found that 75 percent of their hospital costs were uncompensated. 33 During the years studied-1986 and 1988-one-third to two-thirds of these patients suffered gunshot wounds. This has important implications for the trauma care system. Elsewhere in this volume Donald Trunkey discusses the reasons for the large number of trauma center closings. Several studies cite the high cost of uncompensated care as a primary reason. Reducing the number of firearm injuries, which are known to be costly both in total economic terms and in terms of public dollars, would help to mitigate a major problem in trauma center financing.
From a public health perspective, then, the most important question regarding firearm injuries is how to prevent them. We need to develop policies that reduce the likelihood of firearm injury. Good cost estimates are needed to determine which approaches are cost-effective and to convince policymakers that resources should be used for firearm interventions as opposed to other competing uses. A number of interventions have been proposed-such as imposing waiting periods and requiring background checks for potential gun buyers, redesigning firearms, limiting types of weapons available, and so forth-but the absence of good cost data makes it impossible to evaluate these policies effectively.
Estimating the cost of firearm injuries given available data really is "shooting in the dark." It is likely that the estimates presented here grossly underestimate the economic impact of firearm injuries in the United States. We simply do not know the number of people injured by firearms, and cost data specific to this population are inadequate. Yet these estimates are critical elements in any rational debate of firearm policy. We must work to refine our data sources and estimates for measuring the economic burden of firearm injuries, to better inform the national debate on firearm policy.
